Abstract : Monomeric (38 kDa) and oligomeric (140 kDa) forms of casein kinase II (CK-II) were partially purified from spinach chloroplasts by heparin-agarose column chromatography and gel filtration on Superdex 200 pg (HPLC). The enzymatic properties [requirements of phosphate acceptors and phosphate donors (ATP and GTP), and sensitivity to heparin] of the two kinases exactly corresponded to those reported for various animal CK-IIs. Although poly-Lys and spermine (activators for animal CK-II) stimulated the activity of oligomeric CK-II, no significant effect of these activators on the phosphorylation of casein by monomeric CK-II was detected. Moreover, it has been shown that monomeric CK-II is main form in spinach chloroplasts.
Introduction. Casein kinase II (CK-
phosvitin; (ii) utilizes also GTP besides ATP as phosphate donors; (iii) is sensitive to heparin and stimulated by poly anions (poly-Lys, poly-Arg and spermine); (iv) is consisted of two distinct subunits , which is catalytic subunit, and 1~-subunit (24-28 kDa)] and exist as a tetramer (130 kDa-150 kDa) of a2 92 or a a'/32 in cells. 1),2) The kinase may have an important physiological role in the regulation of central cellular functions, such as cell division and growth, gene expression, and DNA replication. 3) In plant cells, there are some reports for the biochemical characterization of CK-II in tobacco,4~ maize,5~ pea,6~ broccoli7~ and liverwort.8~ These reports show that monomeric (35-42 kDa) and oligomeric (130 kDa-150 kDa) forms of CK-II exist in plant cells. Although the enzymatic properties of the oligomeric kinase from plant cells correspond to those of CK-II (a2 j92 or a a' ~2) in animal cells, some biochemical characteristics of monomeric CK-II differ from those of animal CK-II. The activity of monomeric CK-II could not be stimulated but rather inhibited by polyamines, which were effective activators for animal CK-II.8~ Moreover, the substrate specificity of monomeric CK-II is restricted, in comparison with the wide substrate spectrum of oligomeric CK-II.9~"0~ These differences in the enzymatic properties between monomeric CK-II and animal CK-II suggest that the biological roles of monomeric CK-II in plant cells may be rliffArAnt from that of animal CTL-TT Ulll .l V11L 11 Vlll L11UL Vl U111111U1 V11 11.
Recently CK-II(s) have been shown to exist in chloroplasts, which are intrinsic organelle in plant cells and contain the entire machinery for their own genetic systems." Since chloroplast CK-II phosphorylates a 34 kDa RNA-binding protein (ribonucleoprotein) in spinach chloroplasts, the kinase may play important roles in chloroplast gene expression. 12) However, the enzymatic properties of chloroplast CK-II(s) remain to be investigated. The present study describes (i) partial purification of oligomeric and monomeric forms of CK-II from spinach chloroplasts; and (ii) biochemical characterization of these two kinases.
Materials and methods. Chemicals. Isolation of chloroplasts from spinach leaves. Isolation of chloroplasts from the leaves of spinach was followed by the method originally described by Ohyama et al. 13) In detail, spinach leaves were destructed by a power blender in Isolation Buffer [50 mM Tris-HC1 (pH 8.0), 20 mM EDTA, 1 mM MgC12 and 1 mM 2-mercaptoethanol (2-ME)] containing 0.6 M mannitol, and then suspended in the same buffer for 40 min with gentle stirring in an ice bath. The suspension was filtrated through two layers of Miracloth (Calbiochem). The filtrate was centrifuged for 30 min at 2, 500 x g to remove smaller particles, such as broken chloroplasts and mitochondria. The resulting pellet was subjected to step-wise sucrose gradients (40% and 20% sucrose in Isolation Buffer) and centrifuged for 30 min at 800 x g to remove large particles such as cell debris and nuclei. The dark green band on the bottom of 20% sucrose layer was collected and used as spinach chloroplasts for this study.
Extraction of CK-II from spinach chloroplasts. Isolated chloroplasts (200 g wet weight) of spinach were homogenized with a glass homogenizer in 300 ml of Buffer A [50 mM Tris-HC1 (pH 7.4), 1 mM EDTA, 10 mM 2-ME, 0.1 mM Mg2+, 0.1 mM PMSF and 10% glycerol] containing 5 iig/ml trypsin-inhibitor, 0.5 mM p-aminobenzamidine and 1.0 M KCI, and then sonicated for 30 sec in an ice bath. After 1 hr, the suspension was centrifuged at 32, 900 x g for 30 min, the supernatant was dialyzed for 4 hrs against 4 litters of Buffer A containing 0.2 M KCl and then concentrated by addition of solid ammonium sulfate (65% saturation). The resulting precipitates were dissolved in 15 ml of Buffer B [50 mM Tris-HC1(pH 7.4), 0.2 mM EDTA, 10 mM 2-ME, 0.1 mM PMSF and 10% glycerol] containing 0.3 M KCI. After dialysis for over night against 2 litters of Buffer B containing 0.3 M KCI, the dialysate was used for this study as a crude CK-II extract.
Assay of protein kinase activity. The reaction mixture (0.1 ml) contained 20 mM Tris-HC1 (pH 8.0), 2 mM DTT, 3 mM Mn2+, 1 mM EDTA, 10 ig of casein (phosphate acceptor), 20 mM [ y-32P]ATP (100 cpm/pmol) and the indicated amount of protein kinases. After incubation for 20 min at 25°C, phosphorylation of casein by the kinase was arrested by the addition of 20% trichloroacetic acid (TCA) and 0.1 M sodium pyrophosphate containing 10 mM EDTA and BSA (1 mg/ml). The [32P]-labelled casein in the TCA insoluble fraction was determined as reported previously. 14) Results and discussion. The crude CK-II extract (approximately 186 mg protein) was applied to a column (3.O x 10 cm) of heparin-agarose, which had been previously equilibrated with Buffer B containing 0.3 M KCI. Elution was carried out step-wise with 1.0 M KC1, after complete washing with Buffer B containing 0.3 M KC1 (Fig. 1) . The activity (casein phosphorylation) of CK-II was detected in the fractions eluted with 1.0 M KCI. The active fractions were pooled and concentrated by vacuum dialysis. The concentrated fraction was further purified by gel filtration on Superdex 200 pg (HPLC), which column was eluted with Buffer B containing 0.6 M KCI. Two distinct casein kinase activities were separated by the gel filtration (Fig. 2) . The miner activity of protein kinase (designated ChP-I) was eluted in the fractions with a molecular size of approximately 140 kDa as estimated from the marker proteins [tyroglobulin (669 kDa), y -globulin (150 kDa), BSA (67 kDa) and trypsin inhibitor (22 kDa)]. The molecular size of ChP-I corresponded to that of oligomeric CK-II in plant cells5)'g) and animal CK-II. 1) In contrast, the main activity of the kinase (designated ChP-II) was eluted in the fractions with a molecular size of approximately 38 kDa and this size corresponded to that of monomeric CK-II. 5),8)
The requirements for the activity of ChP-I were analyzed. As summarized in Table I , ChP-I required Mn2+ rather than Mg2+ for the activity and the optimum concentration of Mn2+ was found to be 3 mM. No effect of Cat +, CAMP (1-10 ,~M) and cGMP (1-10 tiM) on the activity of t i kinace was nhce_rvM ChP-1_ cniilil utilize GTP as a effective phosphate donor. The activity of ChP-I was strongly prevented by low dose (1 pg/ml) of heparin, specific inhibitor for CK-II, and greatly stimulated by polyLys and spermine, activators for CK-II. Casein functioned as a good substrate for the kinase, but whole histone did not. Since these enzymatic properties of ChP-I exactly corresponded to those of animal CK-II, ChP-I was identified as oligomeric CK-II.
The biochemical characteristics of ChP-II, such as phosphorylation of casein, requirement of phosphate donors (ATP and GTP) and heparin sensitivity, were similar to those of oligomeric CK-II in plant and animal cells. However, no significant effects of poly-Lys and spermine on the activity of ChP-II were detected. This enzymatic property of ChP-II against poly-Lys and spermine corresponds to that of a monomeric CK-II from liverwort.g) The stimulatory effects of poly-Lys and spermine on CK-II have been shown to be mediated by the J subunit of the kinase.10) From these experimental results, ChP-II was identified as a monomeric CK-II. As shown in Fig. 2 , monomeric (ChP-II) CK-II is a main form in spinach chloroplasts. This finding suggests that monomeric CK-II may play important roles in the , y-globulin (150 kDa), BSA (67 kDa) and trypsin inhibitor (22 kDa)] were used as molecular markers under the same experimental conditions. Aliquots (10 ALl) of the indicated fractions were assayed for the activity of protein kinases (0), using casein as a phosphate acceptor. Absorbance at 280 nm (-).
[Vol. 74(B), regulation of chloroplast functions. For understanding of the roles of monomeric CK-II in chloroplasts, detection of specific substrates for the kinase is important. The substrate specificity of monomeric CK-II may be more restrictive than that of oligomeric CK-II, because monomeric CK-II is inactive to phosphorylate polypeptides having amino acid sequences of SAEE, SAEEE and SAAEEEE, which function as good phosphate acceptors for animal CK-II.9)"0) In studies of molecular biology, cDNAs encoding of catalytic a subunit were cloned from maize15) and Arabidopsis. 16),17) The molecular size of monomeric CK-II exactly correspond to that of recombinant a subunit expressed in Escherichia coli. However, the biochemical properties of monomeric CK-II were distinct from those of recombinant Arabidopsis a subunit (CKA1), because monomeric CK-II was unable to assemble with recombinant Arabidopsis 9 subunit, which had an activity to reconstitute with CKA1.17) Similar results were obtained in maize monomeric CK-II and recombinant a subunit by using recombinant human 13 subunit.18) These findings suggest that monomeric CK-II may be a distinct gene product from a subunit of oligomeric CK-II. Therefore, to clarify the biological significance of monomeric CK-II in chloroplasts, cDNA encoding this kinase should be cloned.
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